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@ Lignin-modified phenolic adhesives for pressed wood products.

@ An improved modified phenol-formaldehyde resin, and a
process for its preparation, which contains lignosulphonates is
described. Typically, the lignosulphonates are in the form of
black liquor. These resins are made by including with the phenol
a small amount of potassium ferricyanide. Unlike the known
processes utilizing black liquors and the like, this process ap-
pears to be far less susceptible to the inherent variability of
these liquors. These resins can be easily converted into a solid
by spray drying, and find use as adhesives, for example in board
products.
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Lignin-modified phenolic adhesives

for pressed wood products

This invention relates to modified phenol-formal-
dehyde resins, and to methods of their preparation. 1In
particular it relates to methods of incorporating into a
phenol-formaldehyde resin waste materials resulting from
paper making procedures, together with an alkali ferricya-
nide, and to the modified resin thus obtained.

Partly as a result of cost and partly as a conse-
quence of available supplies it has long been the practice
to prepare phenol-formaldehyde resins from materials which
are neither pure phenol nor pure formaldehyde. In both
cases materials of a technical level of purity are commonly
used. But of these two, the phenol component is by far the
more expensive. As a consequence many efforts have been
made to replace the phenol either completely, for instance
as in urea-formaldehyde and melamine-formaldehyde resins,
or at least in part with another substance and thus obtain
either a different resin with new uses (as in the case with
the use of urea or melamine) or a resin with approximately
the same properties but which is cheaper. In this context
it must be understood that “"replacement" does not mean the
incorporation of an inert, or relatively inert, diluent for
the phenol. What is sought is a replacement substance
which will take part in the chemistry of either the resin-
making process or, where applicable, the resin curing
process or even in both resin making and curing. These

restrictions severely limit the number of possible
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substances that can be considered as potential replacement
substances for phenol in phenol-formaldehyde resin
systems.

All paper-making processes which employ a cellu-
losic material feed, irrespective of whether the overall
process is directed toward first quality bond paper or low
quality board for packaging, include as an early step a
procedure whereby the cellulosic feed, such as wood, straw
or bagasse is reduced to a fibrous mass. That pulp prepa-
ration step also produces as a byproduct an aqueous complex
mixture of organic materials. The water-insoluble part of
this mixture is generally removed by a suitable procedure.
The remainder of the mixture, comprising a complex solution
in water (which is to be taken as including both emulsions
and colloidal suspensions), is generally treated to remove
at least some of the water and then discarded. Disposal of
this material presents a very difficult pollution problem.
Typically, the water is removed to provide an aqueous
material containing about 50% to 55% of organic substances:
that is, to a solids content of about 50% to 55%, by
weight.

Regardless of whether the pulping process used is
the sulphite process, the kraft process, or a thermo-
mechanical process, even though the detailed constitution
of this byproduct changes, its major component is a lignin-
derived material, frequently a lignin sulphonate (also
described as a lignosulphonate). It is known that lignin
materials of this type are reactive toward formaldehyde,
and thus various attempts have been made to use these
papermills byproducts in resins as a phenol replacement.

In United States Patents 3,185,654 (issued May 25, 1965 to
West Virginia Pulp and Paper Company); 3,227,667 (issued
January 4, 1966 to The Borden Company); 3,597,375 (issued
August 3, 1971 to peorgia—Pacific.Corporation); and
3,886,101 (issued May 27, 1975 to Georgia-Pacific Corpora-
tion) are described procedures whereby the lignin-

containing portion of these materials may be used in
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phenol-formaldehyde resin systems intended for use as adhe-
sives, for example in the manufacture of plywood and
similar products.

All of these procedures suffer from at least one
of the following disadvantages. The most common is that if
a useful resin~is to be obtained it is necessary to purify
or isolate the lignin material from the remainder of the
materials in the liquor used. The second disadvantage is
that chemical modification of the lignin often is required:
e.g. United States 3,886,101 describes polymerizing lignin
sulphonates with an aldehyde or epoxy crosslinking agent,
and United States 3,658,638 describes pre-reacting a lignin
sulphonate with a phenol. The third disadvantage, more
common in the earlier work, is that the lignin-based
material is used merely as an inert extender, and is not
expected or even wanted to take part in the resin
chemistry: as a consequence at least some impairment of
the resin properties must result from the dilution.

None of the described techniques have been found
successful, insofar as none of these known processes appear
to be worked on a commercial scale. But the cost of phenol
is steadily rising, and the pressure on paper and board
mill operators to eliminate environmental pollution is
increasing rapidly. There is therefore considerable
commercial stimulus toward the replacement of phenol.

Quite independently the elimination of these paper and
board mill waste liquors is also very desirable, as they
present a severe pollution problem and simply cannot be
discarded into a local sewer or river. Processes which
require the isolation or purification of the lignin-
material from paper and board mill wastes are selfdefeating
to an extent, since in isolating the lignin-material from
the waste there is no decrease in the overall amount of
waste that has, somehow, to be discarded. The point is
that processing one kilo of black liquor from a kraft
process plant to remove from it the lignin-based material

present still leaves one kilo of a different liquid residue
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for disposal.

Many attempts have been made to overcome the
inherent loss of resin properties that results when the
lignin sulphonate is used as a mere diluent. Generally,
two methods have been considered in order to overcome the
observed loss of properties, as evidenced, for example in
poor board properties when these resins are used to make
waferboards. One method studied has been to incorporate
the lignin sulphonate in the resin preparation procedure,
oftentimes in conjunction with the use of special reaction
techniques. Examples of this are United States 3,886,101
and 3,658,638 mentioned above. Whilst these techniques do
permit the amount of phenol needed to be decreased, their
cost effectiveness is questionable, as the cost of the
added steps may even be higher than the cost saving
resulting from the decrease in the amount of phenol used.

A second method studied has been to add a fourth
substance to the system, to act as a catalyst, or co-cata-
lyst if added to the resin making process, which will
persuade the lignin sulphonate to enter into reaction
either with the resin, or with some of the resin reactants.
For example, United States Patent 2,227,219 (issued
December 31, 1940 to General Electric Company) describes a
resin making procedure in which ammonia or an amine are
added sometime after the resin making reaction has been
commenced; United States Patent 3,886,101 proposes to pre-
react a lignin sulphonate with an aldehyde or epoxide; and
United States Patent 3,931,070 (issued January 6, 1976 to
Georgia—-Pacific) proposes to incorporate a trialkyl
phosphate into the resin mixture. .

These proposals again seem to be of doubtful
value, since either an expensive substance is being added,
or the resin making procedure is being made more complex.
These,disadvantages may effectively eliminate the potential
cost benefit of the economy in expensive phenol usage also
obtained.

Thus no simple and cost-effective technique seems
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to have been described whereby a lignin sulphonate may be
advantageously incorporated into a phenol-formaldehyde
resin. But phenol continues to increase in price, and
paper and board mill operators find it increasingly diffi-
cult and expensive to dispose of spent sulfite liquor or
black liquor.

A further point should be considered. In addi-
tion to providing a cheaper resin, it is also essential
that there be no impairment of the properties of any
products made from the resin. For example, little is
gained if a cheaper resin proves incapable of providing a
waferboard which meets the relevant industry standards for
strength, internal bond, and so forth. Many of the
proposed modified resins do not provide waferboard products
with acceptable properties.

A third disadvantage common to all uses of these
paper and board mill residues also is of importance. Black
liquor, or spent sulphite liquor, as made in a mill is not
a simple substance. It is a very complex mixture of
substances, and is of variable composition. The composi-
tion generally will vary due to the inherent variability of
the wood being processed. It varies significantly if there
is a change in the species being pulped. The composition
will also vary as a consequence of any changes in the
pulping procedure made to affect the quality of the desired
paper product. It is a common experience that this vari-
ability in the black liquor is also reflected in any resin
glues prepared using it. To a degree this can be avoided
by purifying the liquor, but then, as is pointed out above,
the cost advantages to be expected from decreased phenol
can be lost in the costs associated with the resin purifi-
cation steps. This variability need not be minor: a given
resin which has functioned adequately when admixed with a
lignin sulphonate liquor in the past may fail completely
when processed in the same way with a new batch of lignin
sulphonate liquor. This inability to control final resin

properties in the face of uncontrollable black liquor vari-
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ations is perhaps the single most significant reason for
these systems being largely unused commercially.

We have now discovered a simple, elegant, and
relatively inexpensive technique whereby a lignin
sulphonate modified phenol-formaldehyde resin can hbe
prepared which appears to overcome many of the observed
problems. Particularly, this technique appears to be far
less susceptible to the observed and uncontrollable changes
in black liquor supplies. Further, these modified resins
can be spray dried to provide an easily handled, stored,
and transported product which nevertheless is readily
dispersable in water to provide a liquid resin again. This
procedure merely requires that an effective amount of
potassium ferricyanide be added at the correct time in the
resin making process, the other resin making components
being phenol, formaldehyde, lignin sulphonate (either as
recovered solids or black liquor) and a basic catalyst.

Thus in its broadest aspect this invention
provides a process for the preparation of a lignin
sulphonate-modified phenol-formaldehyde resin which
comprises together phenol, formaldehyde, potassium ferri-
cyanide, lignosulphonate, and an alkali or alkali earth
basic catalyst in the following ratios:

(a) phenol/formaldehyde: from 1:1.8 to 1:3.0 on a
molar basis;

(b) phenol/basic catalyst: from 1:0.1 to 1:0.5 on a
molar basis;

(c¢) phenol/potassium ferricyanide: from 100:1 to
10:1 on a weight basis; and’

(d) phenol/lignin sulphonate: £from 1:0.1 to 1:0.5 as
lignin sulphonate solids, or from 1:0.2 to 1:1.0
as black liquor, on a weight ratio basis,
provided that irrespective of the sequence in
which the reactants are mixed, the potassium
ferricyanide is added either with or before the
phenol, the reaction being continued until the

desired viscosity is reached.
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Preferably the phenol/formaldehyde ratio is 1:2.2
on a molar basis.

Preferably the phenol/catalyst ratio is 1:0.25 on
a molar basis; the catalyst of choice is sodium hydroxide.

Preferably the phenol/lignin sulphonate solids
ratio is in the range of from about 1:0.35 to about 1:0.45
by weight, which is equivalent to a phenol/black liquor
ratio of 1:0.67 to 1:0.83 by weight approximately.

Preferably the phenol/potassium ferricyanide
ratio is from 50:1 to 25:1 on a weight basis.

It is noted above that the catalyst of choice is
sodium hydroxide. The other alkali and alkali earth bases
can also be used, for example potassium, calcium and barium
hydroxides. Another commonly used basic catalyst for
preparing resole resins is ammonia, or ammonium hydroxide.
In this process ammonia, and ammonium hydroxide, should be
avoided. It appears that the stability of aqueous lignin
sulphonate systems is pHd dependent, especially in the case
of black liquor. The minimum pH value for stability
appears to be at arounda pH 9; the use of ammonia or
ammonium hydroxide can result in lower pH values than this
in the resin reaction mass. At pH values below about 9,
destabilization of the black liquor can occur and cause
significant problems in the resin making process.

The term “"phenol" can include not only pure and
technical grade phenol, but also cresols with a high meta-
and para-cresol content. The preferred phenol composition
is one with a boiling range of 180° - 200°C, and containing
not more than 15% by weight or ortho-cresol plus xylenols.

The formaldehyde can be used in any of the
commercially available forms containing from 37% to 100%
formaldehyde, such as aqueous solutions, paraformaldehyde,
etc. An aqueous formaldehyde solution is preferred. It is
also to be noted that in view of the comments above
concerning the use of ammonia or ammonium hydroxide as the
catalyst, the use of hexamethylene tetramine as a formalde-

hyde source should be avoided.
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The lignin sulphonate material used in this
process can be in any convenient form. The most convenient
and the cheapest is to use it straight from a paper or
board mill, particularly kraft black liquor. Modified
lignosulphonates can also be used as can also lignin
sulphonate compositions obtained by concentrating black
liquors to remove the water therein, including dry lignin
sulphonate solids obtained by this route. The only
property of the material which needs to be established is
its solids content in order to ensure that a proper
phenol/lignin sulphonate solids weight ratio is obtained.
It also appears that the source of the lignin sulphonate
material is not very important. Unlike other earlier
described processes, this invention appears to be
relatively insensitive to changes in the ligquor used.

The resin preparation reaction is carried out
under essentially conventional conditions. Due to the
presence of the lignin sulphonate, some modifications in
this conventional process are possible. It is not neces-
sary to add all of the lignin sulphonate at the beginning;
up to half can be added initially and the remainder as the
reaction goes along. Alternatively, all of the lignin
sulphonate can be allowed to pre-react with the formalde-
hyde, before addition of the remaining reactants. However,
there is one essential requirement that must be observed if
a satisfactory resin is to be obtained. The potassium
ferricyanide must be present when the phenol is added.

Thus the potassium ferricyanide preferably is added immedi-
ately before, or with, the phenol. Why this should be
necessary is not clearly understood. There is some indica-
tion that the potassium ferricyanide modifies, in some way,
the lignin sulphonate-phenol interaction.

The resin reaction system can also contain the
conventiqnal additives, such as foam suppressants. The
amount of water used is also a matter of convenience.

Where a liquid resin is prepared, it can be diluted with

water to a desired solids content. Where a solid resin is
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required, this can be obtained by the usual concentration
and water removal techniques to provide a solid, as flakes,
lumps, or powder. These resins are also suitable for spray
drying to obtain a free flowing powder, and this is the
preferred method for obtaining a dry powder resin.

The resin reaction conditions used are generally
conventional, the time and temperature profiles and manner
of catalyst addition being selected to fit the type of
resin desired. As is conventional, a viscosity measurement
generally is used to determine when the reaction has
reached the desired level of polymerization. Consequently
many of the usual features of resin preparation procedures
which are known to affect final resin properties can be
used here. In the following examples a number of varia-
tions are given for resin preparation both as regards
reactant ratios, addition sequences and temperature
profiles. 1In these examples the letter viscosities given
are Gardner-Holt. Percentages, unless otherwise identi-
fied, are by weight. The various board properties men-—
tioned were all measured by standard testing techniques.
Example 1

1000 g kraft black liquor (50% solids, pH 13) was
mixed with 768 g phenol, 1079 g formaldehyde solution
(50%), 3 g antifoam agent, 15 g potassium ferricyanide, and
990 g water. Temperature was adjusted to 45°C and 95 g
sodium hydroxide solution (50%) was added. The mixture was
kept at 65°C for 75 minutes and then at 80°C until visco-
sity C-D was obtained. After cooling the mixture to 35°C,
68 g sodium hydroxide solution (50%) was added and this
mixture was cooled to 25°C. The excess of water was
removed by spray-drying, the final product being fine
powder of the following characteristics.

Free formaldehyde: 0.8%
Gel time @ 150°C: 7.7 s
Softening point: 75°C
Cure time @ 150°C: 23 s
Moisture content: 6.6%

Retention on 200 mesh: 3%
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The resin and ESS50 1728 wax were mixed with wood
wafers (2.5% resin, 1.5% wax) and waferboards were pressed
at 204°C and 3375 kPa pressure for 4 minutes and 5 minutes.
The boards obtained had the following characteristics when
tested according to the CSA (Canadian Standards Associa-

tion) specifications.

press cycle 4 minutes 5 minutes

M.O.R. 3600 psi(24.8 MPa) 3800 psi(26.2 MPa)

M.O.E. 530000 psi(3650 Mpa) 530000 psi(3650 MPa)

Accel. Aging 2000 psi (13.8 Mra) 2100 psi(1l4.5 MPa)

I.B. 62 psi(427 kPa) 65 psi (448 kPa)
24 Hour Soak Test

Linear Exp. 0.20% 0.24%

Moisture Abs. 47% 40%

Swelling 18% 15%

Example 2
1000 g black kraft liquor (50% solids, pH 13),

771 g phenol and 16 g potassium ferricyanide were mixed and
maintained at 90°C for 1 hour. Then the mixture was cooled
down to 45°C, and 1086 g formaldehyde solution (50%), 984 g
water and 95 g sodium hydroxide solution (50%) were added.
The mixture was held at 65°C for 75 minutes, then
maintained at 80°C until viscosity A-B was obtained. The
liquid was then cooled down and subjected to spray-drying.
The resulting resin had the following characteristics.

Free formaldehyde: 1.3%

Gel time @ 150°C: 6.6 s
Softening point: 72°C

Cure time @ 150°C: 13 s

Moisture content: 6.4%

Retention on 200 mesh: 8%

When waferboards were made from this powder in
the same way as in Example 1 they had the following
éroperties. '

Press cycle 4 minutes 5 minutes

M.O.R. 3100 psi (21.4 kPa)3000 psi(20.7 kPa)
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M.O.E. 490000 psi (3380 MPa) 580000 psi (4000 MPa)
Accel. Aging 2360 psi (13.8 MPa) 2C0 psi (lE.21Mpo)
I.B. 49 psi (338 kPa) 62 psi (427 kPa)

24 Hour Soak Test
Linear Exp. 0.20% 0.18%
Moisture Abs. 33% 32%
Swelling 14% 13%

Example 3

1000 g black kraft liquor was mixed with 1274 g
formaldehyde solution (50%) and held at 70°C for 45
minutes. Then the mixture was cooled to 45°C, and 797 g
phenol, 16 g potassium ferricyanide, 700 g water and 169 g
sodium hydroxide solution (50%) were added. The mixture
was maintained at 65°C for 75 minutes and at 80°C until
viscosity C-D was obtained. After cooling the mixture to
35°C, 118 g sodium nydroxide solution (50%) was added, the
mixture was cooled down and subjected to spray-drying. The

resulting powder had the following characteristics.

Free formaldehyde: 1.5%
Gel time 8 150°C: 6.2 s
Softening point: 75°C
Cure time & 150°C: 21 s
Moisture content: T.7%
Retention on 200 mesh: 4.5%

Waferboards made from this resin in the same way

as in Example 1 had the following properties.

Press cycle 4 minutes (25.5 MPa) 5 minutes(28.3 MpPa)
M.O.R. 3700 psi (3520 MPa) 4100 psi (4070 MpPa)
M.O.E. 510000 psi(13.1 MPa) 590000 psi(l2.4 Mpa)
Accel. Aging 1900 psi(379 kPa) 1800 psi (400 kPa)
I.B. 55 psi 58 psi

24 Hour Soak Test
Linear Exp. 0.23% 0.30%
Moisture Abs. 46% 46%
Swelling 18% 18%

Examples 1 to 3 above show in detail resin

preparation methods, and waferboard properties using these
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resins. In the following two tables further resins and
their related boards are described in outline. Table 2
presents the same test parameters as the preceding
examples. The following symbols are used in Table 1.

P : phenol

F 50% formaldehyde

BL : black liquor

CN : potassium ferricyanide

Visc : viscosity

X : indicates held at specified temperature

until specified viscosity reached.

Also in table 1 the moles formaldehyde and
catalyst are per mole phenol; the BL figure is a weight
ratio per 1 part of phenol (i.e., a figure of .67 indicates
.67 parts BL to 1 part P by weight); and the CN figure is
percent by weight of the phenol. 'Post NaOH' indicates
that an addition of sodium hydroxide was made at 35°C after
the reaction was completed; the figure given is moles NaOH
added per mole phenol used in the preceding reaction.

These examples also involve the use of several different
batches of black liquor. Particularly in Table 1B this is
the main variable, as four different batches are used, one
for each of the following groups: Experiment 16-19; 20-22;
23, 24; 25. 1In these tables, as in the preceding examples,
standard board test techniques were used. M.O.R., M.O.E.,
I.B., and "accelerated aging" tests were carried out
according to the techniques in the Canadian Standards
Association tests for Waferboard, CAN3-0188.2-M78. Linear
expansion, thickness swell and water absorption were deter-
mined by measuring dimensional and weight changes caused by

soaking a board sample in water at room temperature for 24
hours.
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CLAIMS:
1. A process for the preparation of a lignin-

modified phenol-formaldehyde resin which comprises
reacting together phenol, formaldehyde, lignosulphonate,
potassium ferricyanide, and an alkali or alkaline
earth basic catalyst in the following ratios:
(a) phenol/formaldehyde: from 1:1.8 to 1:3.0,
on a molar basis;
(b) phenol/basic catalyst: 1:0.1 to 1:0.5, on
a molar basis;
(c) phenol/potassium ferricyanide: from 100:1
to 10:1, on a weight basis; and
(d) phenol/lignosulphonate: from 1:0.1 to 1:0.5
on a weight basis as lignosulphonate solids,
or from 1:0.2 to 1:1.0 on a weight basis as
lignosulphonate liquor containing approximately
50% by weight solids,
and continuing the reaction until a desired viscosity
is reached, provided that the potassium ferricyanide
is added either with or before the phenol.
2. A process according to claim 1 wherein the
lignosulphonate is in the form of a black liquor.
3. A process according to claim 1 or claim 2 wherein
the catalyst is sodium hydroxide.
4. A process acording to any preceding claim
wherein the lignosulphonate and formaldehyde are
pre-reacted together, followed by the addition
of the remaining reactants.
5. A process according to any of claims 1 to
3 wherein at least a portion of the phenol, potassium

ferricyanide and at least a portion of the lignosulphonate

are pre-reacted together, followed by the addition
of the remaining reactants.



10

15

20

25

30

35

0173469

- 18 -

6. A process according to any of claims 1 to
3 wherein at least a portion of the phenol, potassium
ferricyanide and the lignosulphonate are pre-reacted
together, followed by the addition of the remaining
reactants.
7. A process according to any preceding claim
including the additional steps of cooling the reaction
mixture and adding thereto a post—addition of basic
catalyst.
8. A process according to any preceding claim
including the additional steps of cooling the reaction
mixture and adding thereto a post-addition of sodium
hydroxide.
9. A process according to any preceding claim
wherein the phenol is technical grade phenol which
contains up to about 85% by weight of meta- and
para-cresol.
10. A process according to any preceding claim
including the further step of converting the resin
to a solid by water removal.
11. A process according to claim 10 wherein the
water is removed by spray drying.
12. A modified phenol-formaldehyde resin containing
lignosulphonate, obtained by reacting together
phenol, formaldehyde, lignosulphonate, potassium
ferricyanide, and an alkali or alkaline earth basic
catalyst in the following ratios:
(a) phenol/formaldehyde: from 1:1.8 to 1:3.0.

on a molar basis;
(b) phenol/basic catalyst: from 1:0.1 to 1:0.5

on a molar basis;
(¢) phenol/potassium ferricyanide: £from 100:1

to 10:1, on a weight basis; and
(d) phenol/lignosulphonate: from 1:0.1 to 1:0.5

on a weight basis as lignosulphonate solids,

or from 1:0.2 to 1:1.0 on a weight basis as

lignosulphonate liquor containing approximately

50% by weight solids,



10

0173469

19 -

and continuing the reaction until a desired viscosity
is reached, provided that the potassium ferricyanide
is added either with or before the phenol.

13. A resin according to claim 12 wherein the
catalyst is sodium hydroxide.

14. A resin according to claim 12 or claim 13
wherein the phenol is technical grade phenol which
contains up to about 85% by weight meta- and para-
cresol.

15. A resin according to any of claims 12 to

14 which has been dehydrated by spray drying to
provide a solid.
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